In this study, shrinkage-compensating concrete mixtures were prepared with various amount of CaO-based expansion agent to investigate their workability, mechanical property and durability. The experimental results indicate that CaO-based Expansive Agent has little effect on the performance of the fresh concrete workability. The mechanical properties and durability have been affected by the boundary limitation conditions. Adding 20-25kg CaO-based expansive agent per cubic meter concrete in replacement of equal amount of cementitious materials or sand would effectively compensate the deformation induced by chemical shrinkage and drying shrinkage.
Introduction
With attempt to reduce or eliminate shrinkage-induced cracks, expansive agent is used in China to produce watertight concrete, expansive grouting materials, continuous long-span structural concrete elements and mass concrete [1] [2] [3] .
In China, the most expansion agents available in the market are producing expansion through calcium aluminate minerals [4] [5] . Various sources of CaO, Al2O3, SO3 have formed the hydrated calcium sulfate-aluminate to generate expansion. Different kinds of expansive agents are produced under the mechanism mentioned-above. CaO is from the hydration product of the Portland cement, SO3 is from anhydrate, and active Al2O3 from different sources, such as calcium aluminate, calcium aluminate, Aluminum potassium sulfate, high alumina burning gangue, calcined kaolin, high alumina fly ash and so on. In order to control the cost, many enterprises have used inferior minerals containing Al2O3 with small expansion energy. These expansion agents can barely meet the minimum requirements specified by the relevant Chinese national standard, and the function of the crack resistance is not obvious. According to JGJ-T 178-2009 "Technical specification for application of shrinkage-compensating concrete", the recommended dosage of the expansion agent for the shrinkage-compensating concrete is 30~50kg/m 3 . CaO-based expansive agent has both calcium hydroxide and ettringite double expansion sources, with the characteristics of low dosage, high expansion rate and easy to maintain. It imparts remarkable crack resistance performance to the concrete at early age [6] . This paper investigated the effect of different dosages of CaO-based expansion agent on the properties and performance of shrinkage compensation concrete, for instance, some C40 grade shrinkage compensation concretes with mine tailings. This paper studies the effect of CaO-based expansion agent on the workability, strength, expansion ratio and durability, and also studies the mechanism of shrinkage compensation.
Raw Materials Preparation
Cement: Standard cement (P.I 42.5 cement) produced by Qufu cement plant, China united cement co., LTD. The chemical ingredients and mineral components are shown in Table 1 . And the chemical ingredients and physical performances of the standard cement are respectively listed in Table 2 and Table  3 . Slag and fly ash: slag and fly ash come from Tiancun Mixing station of Beijing Jinyu concrete company. Fly ash is grade II fly ash from Tianjin Luguang with the loss of ignition of 3.07%; Slag is from Xuanhua, and its grade is S95. Other performance data are shown in Table 4 . Water reducing agent: we use the polycarboxylic-based water reducing agent from Jinyu Cement Energy-saving Technology Company. Its water reducing rate is above 30%.
Expansion agent: CaO-based expansion agent with f-CaO content around 50%.
Aggregates: the natural river sand and mine tailings were used. The blended fine aggregate with 70% natural river sand and 30% tailings, the fineness modulus is 2.8, the coarse aggregate is the 5-16mm continuously graded limestone aggregate.
Experimental Design
Applying the volume method to carry on the design of mix proportion of the concrete, four concrete mixtures were prepared with 20kg/m Table 5 . The P.I 42.5 cement has been use in the mix proportion design in this study. The amount of mineral admixtures is increased under the condition of ensuring the strength of the concrete. Water to binder ratio is 0.36, and the fine aggregate to total aggregate ratio is 0.48. According to Standard for method of performance on ordinary fresh concrete (GB/T 50080-2002), the workability of the fresh concrete is tested. The strength of the concrete are measured according to Standard for test method of mechanical properties on ordinary concrete (GB/T 50081-2002). The restrained expansion rate of the concrete is tested according to Test Standard of Expansive agents for concrete (GB 23439-2009), and the durability performance of the concrete is measured based on Standard for test methods of long-term performance and durability of ordinary concrete(GB/T50082-2009). The permeability resistance is tested using step by step pressure method; resistance to chloride ion penetration is measured by electric flux method, and freezingthawing resisting cycle is tested by using rapid freezing and thawing method.
Results and Discussion
The test results of slump, extension and workability from each mix proportion are shown in Table 6 . The slump is about 250mm, and the extension is in the range of 565mm-615mm. Figure 1 is the pictures of the extension. The left one is C40-B, and the right one is C40-27. Fresh concretes with different dosage of expansion agent shows good workability after slightly adjusting the admixture dosage. There is no bleeding and segregation. It indicates that CaO-based expansion agent has little influence on the workability of concrete. Strength test results of hardened concrete at different ages are shown in Figure 2 . The Compressive strength at 3 days and 14days are 25MPa and 45 Mpa respectively. The bending strength values of each group changed little. at 28 days, the strength of concrete is still over 40 MPa, even though part of them have had the phenomenon of shrinkage. As increasing in dosage of expansion agent, the strength decreases a lot. The strength of the concrete with the expansion agent dosage of 40kg/m 3 is 10MPa lower than the control mixture. At 90 days, the strengths of concrete specimens in each group are over 55MPa. It shows that there are expansion cracks on the concrete specimen when free expansion occurs, therefore, it will affect the concrete strength. However, the hydration products of expansion agent play an important role in filling the pores and increasing density. Under the influence of two factors together, the concrete strength has been affected finally. In practical engineering application, due to the multidirectional restrains, the reduction of the strength will not occur generally when the expansion agent quantity is reasonable. According to GB 23439-2009, the test specimen were cured in the water with the temperature of 20±2°C for 14 days, and then cured in the room condition with the temperature of 20±2°C,and humidity of 60±5%. It can be seen from the figure 4 that the restrained expansion rate has not changed a lot when they are cured in the water for 14 days. However, the expansion rate is increased from -0.002% to 0.086% along with the increases of expansive agent quantity. The more the expansive agent is added, the greater the expansion rate is. While curing the specimen in the room condition, the restrained expansion rate decreases, and the shrinkage rate is gradually increasing. The restrained expansion rate of control mix concrete is decreased to -0.018%. The test results indicate that adding 20~25kg/m 3 CaO-based expansion agent can achieve the goal of shrinkage compensation. The expansion agent dosage is far below the recommended dosage of JGJ-T 178-2009 standard. In engineering practice, the expansion agent dosage is decided by the test according to the actual condition. Table. 7. Two groups of concretes have permeability resistance grade greater than P20. The results from chloride penetration resistance test and freezing-thawing cycle test indicate that C40-34 has worse performance than C40-B does. This is due probably to the crack induced by expansion agent. The electric fluxes of the two groups of test specimen are less than 1000 c, the ability to resist chloride ion penetration is strong. After 400 times of the freeze-thaw cycle, the relative elastic modulus and mass loss rate are all meet the standard. The carbonation resistance of the concrete blocks with expansion agent has been improved.
Shrinkage Compensation Mechanism of CaO-based Expansion Agent
CaO-based expansion agent has multiple mineral components, such as f-CaO, calcium sulfate and Calcium Aluminate Sulphate. As show in Figure 5 , microconfiguration of cement paste with or without expansion agent was studied using Scanning Electronic Microscope. The left picture shows control cement paste at 28 days. The right picture shows the one with 10% CaO-based expansion agent. For the sample with CaO-based expansion agent, a lot of calcium hydroxide crystals have been generated, and at the same time the calcium hydroxide involved in the formation of ettringite. As we know, the volume increase rate of Ca(OH)2 crystal is 97%, and the volume increase rate of ettringite crystal is 122%, which has not only made the cement stone structure denser, but also has good effect on the chemical shrinkage and drying shrinkage deformation of the Portland cement based materials during hardening process. 
Conclusion
CaO-based expansion agent is a clinker type expansion agent. Adding 20~25kg CaO-based expansion agent per cubic meter concrete is capable of effectively decreasing tensile stress induced by early-age shrinkage. Therefore, early-age cracking risk can be significantly reduced or prevented. In addition, the test results indicate that the effective dosage of CaO-based expansion agent for
